Speech audiometry is an important test battery for measuring hearing ability [1, 2] . Speech audiometry tests can be used to identify the reliability with pure-tone average thresholds or evaluate speech understanding in real life. When the speech audiometry is conducted, there are two stimulus presentation modes: One is a recorded voice mode and the other is a monitored live-voice mode [3] . Although the monitored livevoice mode is able to reflect better speech understanding in real life, a recorded voice mode is recommended in general because of the test reliability and consistency [4] .
INTRODUCTION
neous speech. Most speech tests have used reading context stimuli [5, 6] . Because the style of vocalization is different between reading context and spontaneous speech, however, we are unsure whether test results using reading context stimuli can reflect speech understanding in real life.
The long-term average speech spectrum (LTASS) is one of the important factors that determine the acoustic characteristics of speech [8] . The LTASS represents speech energy across the frequency in decibel (dB). Picheny et al. [9] reported that intelligibility scores measured by clear speech which is a method to speak as clear as possible were higher than the scores measured by normal speech for people with hearing loss. According to the result of acoustical analysis, the characteristics of the LTASS was different between two speaking styles [10] . Specifically, increased mid-frequency speech energy was apparent in the clear speech compared to the normal speech [10] . Thus, the LTASS can be an important factor to compare acoustic features between different speaking styles.
The purpose of this study was to compare the LTASS between reading context and the spontaneous speech. If different acoustic characteristics are found between the two speaking styles, the differences should be considered when test results by the reading context are interpreted. If there is no difference between the two different styles, the reading context can be considered as a form that reflects the speech understanding in real life.
METHODS

Participants
Ten male and ten female native Korean speakers aged between twenty and twenty-eight years participated in this study (mean = 22.98 years). Pure-tone audiometry was conducted prior to the study, using a GSI 61 (Grason-Stadler, Eden Prairie, MN, USA). All participants had normal hearing sensitivity and none had any speech problems such as articulation disorders. Air-conduction thresholds and bone-conduction thresholds were within normal range ( < 20 dB) measured at 0.25, 0.5, 1, 2, 4, 8 kHz. Also, tympanometry test results were within normal range showing 'A' type. All participants recorded their voices in a double-walled sound booth for quality of recording. All participants were given written informed consent to participate in the study and researchers provided a sufficient explanation such as the purpose and method of study. All participants were offered compensation for their participation (#HIRB-2016-006).
Test stimuli
To compare LTASS between reading context and spontaneous speech, a continuous discourse was used for reading context and a short interview was conducted for spontaneous speech. For reading context, all participants read a continuous discourse and their voices were recorded. A short story, 'The wind and the sun' (Borim, Kyeonggi-do, Paju), which is easy to read, was selected as the continuous discourse. For spontaneous speech, a short interview (15 questions) was conducted and participants' answers were recorded. Questions from 'Seoul Corpus' were chosen [11] . Questions such as 'What do you usually do when you are with your friends?' , 'What do you think about the merits of smartphones?' and 'Could you tell me about your family background?' were included. Table 1 shows 15 interview questions for spontaneous speech.
Procedure
The recording was conducted using a computerized speech lab (CSL, KayPECTAX TM , Montvale, NJ, USA) in a sound booth. All participants' voices were recorded at the same distance (10 cm) from the recording microphone (Sennheiser e835s, Wedemark, Germany). The recording files were digitized at a 44,100 Hz with 16 bit. When recording reading context, all participants were instructed that they should read comfortably at normal speed. When an error occurred during record- To analyze the LTASS, each participant's recording file was concatenated without silence using Adobe Audition (adobe systems, version 3.0). Then, the recording files were normalized to a root-mean-square (RMS) level of 65 dB SPL using Praat v6.0.19 [12] . The LTASS of reading context and spontaneous speech were analyzed using the CSL. The results of LTASS ranging from 100 Hz to 10,000 Hz were used for analysis.
Statistical Analysis
A univariate analysis of variance (ANOVA) was used to identify whether there are significant differences in across-speaking style. The statistical analysis was conducted using SPSS-22 (IBM SPSS Inc., Armonk, NY, USA).
RESULTS
Results of LTASS for comparison of spontaneous speech and reading context in each gender are shown in Figure 1 . The LTASS of spontaneous speech were marked with solid lines and the LTASS of reading context were marked with dotted lines. In both male and female speakers, there were no statistical differences between spontaneous speech and reading context in all frequency areas (p > 0.05). For male speakers, the difference of the LTASS below 8,000 Hz was less than 1.6 dB and the difference of the LTASS above 8,000 Hz was less than 2.1 dB between the two styles. For female speakers, the difference of the LTASS was less than 2.9 dB between the two styles.
As a secondary comparison, results of LTASS for gender difference between spontaneous speech and reading context are shown in Figure 2 . In both speaking styles, there were no statistical differences (p > 0.05) except for two frequency areas. In spontaneous speech for male and female speakers, there were significant differences in ranges between 4,200 Hz to 5,400 Hz and between 7,200 Hz to 8,100 Hz, respectively. Mean difference values of LTASS were 7.2 dB and 5.6 dB in male and female speakers, respectively (p < 0.05). In reading context for male and female speakers, there were significant differences in ranges between 4,500 Hz and 5,200 Hz and between 7,200 Hz and 8,000 Hz, respectively (p < 0.05). The mean differences were 6 dB and 6.2 dB in male and female speakers, respectively.
DISCUSSION
The current study compared the LTASS between spontaneous speech and reading context. As a result, there were no statistical differences between the two different styles in both male and female participants. Differences between the two styles were less than 2.1 dB in male participants and less than 2.9 dB in female participants across all frequency areas.
In the current study, different LTASS were found in several frequency areas between male and female participants. The result of the current study correlated to results from other studies that reported the LTASS. For example, Byrne et al. [8] reported that there were gender differences of the LTASS in few frequency areas above 4,000 Hz in several languages. In the study from Noh and Lee [13] , different LTASS were also found between Korean male and female speakers in several frequency areas above 4,000 Hz. Because the importance of frequency to speech intelligibility accounts for over 80% in frequency areas below 4,000 Hz [14] , however, we cannot conclude that results of the gender difference of the LTASS above 4,000 Hz may lead different performances for the speech understanding. Thus, further studies may require to identify the impact of gender differences of the LTASS in frequency areas above 4,000 Hz on the speech understanding.
There are a few limitations for the current study. Although LTASS were similar between the two styles, other factors like formant characteristics may affect speech [10] . For example, Godoy et al. [10] compared formant characteristics in English vowels for different speaking styles such as clear speech and conversational speech. As a result, different formant characteristics (f1 and f2) were found between different speaking styles. Because the intelligibility performance of clear speech was different from the performance of conversational speech, they concluded that formant characteristics caused by different speaking styles may affect speech understanding performance [10] . The result of the current study provide evidence that the acoustic characteristics for the two styles are similar. However, impact of other factors that may affect the speech understanding may be considered for further study.
In the current study, LTASS for spontaneous speech and reading context were similar in male and female speakers. Although there is a possibility that other factors that affect the speech understanding may be different between the two styles, results of this study indicate that reading context can be considered as a form to reflect the speech understanding in real life like spontaneous speech in terms of the LTASS.
